This technical appendix describes our approach to estimating the effects of ACL reconstruction on the indirect costs associated with ACL tears in the short to intermediate term and over a patient's lifetime. A brief description of this approach as well as our approach to converting Medicare reimbursement rates to all-payer reimbursement levels are presented below.
In the last week, what degree of difficulty have you experienced with standing due to your knee? (KOOS) An algorithm was used to encode each response as a point value of 1 (severely affected), 2 (moderately affected), or 3 (not affected). The responses were mapped in accordance with Tables E-1 and E-2. The sum of the values corresponding to the responses by an individual was divided by the maximum possible score of 21 points to calculate that individual's FLI score.
Mean FLI scores according to age group are presented in Table E -3 at baseline (after the ACL tear but prior to surgery) and after two years; these values were used to estimate indirect costs. Baseline scores were adjusted to account for improvement in physical function that can occur over time prior to surgery. Specifically, we estimated a regression model, with use of ordinary least squares, in which the baseline FLI score was the dependent variable and age, sex, and time between injury and surgery (captured as zero to six months, six to twelve months, one to three years, and more than three years) were the explanatory variables. The results revealed progressively better baseline function as the period between injury and surgery increased. As a result, we used the parameter estimates from the regression model to adjust all baseline FLI scores to baseline scores for a time since injury of between six and twelve months.
Estimating the Relationship Between Functional Limitations and Indirect Costs
The NHIS collects information from a stratified random sample of the U.S. population regarding physical function, economic factors such as employment status and income, and other patient characteristics. Our analysis combined the 2003 through 2009 NHIS files to increase the sample size. For functional limitations, the NHIS asks respondents:
By yourself, and without using any special equipment, how difficult is it for you to: Walk a quarter of a mile-about 3 city blocks? Walk up 10 steps without resting? Sit for about two hours? Reach up over your head? Stand or be on your feet for about two hours? Stoop, bend, or kneel? Lift or carry something as heavy as 10 pounds such as a full bag of groceries? Push or pull large objects like a living room chair? Responses to each question include: (1) not at all difficult, (2) only a little difficult, (3) somewhat difficult, (4) very difficult, and (5) can't do at all. Our analysis focused only on functional limitations in which the person indicates that back pain contributed to his or her limitations.
The responses from the NHIS sample were mapped in accordance with Table E -4 and were used to calculate an FLI score. Since the NHIS question related to the ability to reach is not included in the FLI, we included that variable separately in the model.
Regression Analysis of FLI Scores Based on NHIS Responses of Patients with a Knee Injury
Regression analysis was used to compare economic outcomes for adults with greater functional limitations to economic outcomes for adults with fewer functional limitations-controlling for age group (eighteen to thirty-nine, forty to forty-four, forty-five to fortynine, fifty to fifty-four, and fifty-five to fifty-nine years), sex, highest education attainment (high school diploma, baccalaureate degree, post-baccalaureate degree), and occupation (for analysis of the employed population). Our analysis was restricted to patients less than sixty years of age who reported some level of pain in the knee because of a joint injury.
Ordinary least-squares regression was used to quantify the impact of functional limitations on household income for the employed population and missed workdays. Logistic regression was used to quantify the impact of functional limitations on the employment rate and the probability of being disabled. The results of the regression modeling are reported in Table E -5.
Estimating Indirect Costs for Patients Undergoing Total Knee Arthroplasty
In the long-term phase of the model, some members of the cohort will progress to end-stage osteoarthritis of the knee and undergo total knee arthroplasty. We estimated the effects of end-stage osteoarthritis and total knee arthroplasty on patients' indirect costs (involving employment, earnings, disability pay, and missed workdays) with use of results from Ruiz et al. 19 , in which patientreported outcomes and NHIS regression results were combined to estimate the effects of total knee arthroplasty on economic outcomes. Outcomes data reported by total knee arthroplasty patients were collected by a physician group practice with multiple locations in the northeastern U.S. Electronic questionnaires were sent to 310 patients who received a total knee arthroplasty from September 2010 to April 2011. A total of seventy-three responses were received and were used in the analyses. The survey contained questions regarding an individual's socioeconomic status and functional ability (using the same questions on functional status used in the NHIS) prior to undergoing surgery and after undergoing surgery. Functional questions included the following possible answers: ''no difficulty,'' ''only a little difficult,'' ''somewhat difficult,'' ''very difficult,'' and ''cannot do.'' Numerical values of 1 through 5 were assigned to the responses, with ''no difficulty'' assigned a value of 1 and ''cannot do'' assigned a value of 5. Patients were categorized as receiving full benefit from the total knee arthroplasty if their mean post-surgery response for all functional questions was 3 (somewhat difficult) or less and as limited benefit otherwise (Table E-6) .
Ruiz et al. 19 used regression analysis to compare economic outcomes between adults with and without activity limitations, controlling for age group (eighteen to thirty-nine, forty to forty-four, forty-five to forty-nine, fifty to fifty-four, fifty-five to fiftynine, sixty to sixty-four, sixty-five to sixty-nine, and seventy years or more), sex, highest education attainment (high school diploma, baccalaureate degree, post-baccalaureate degree), and occupation (for analysis of the employed population). Responses to physical function questions were made independent of the questions by creating a binary variable (1 = yes, 0 = no) for each of the possible responses (e.g., ''not at all difficult,'' ''only a little difficult,'' ''somewhat difficult,'' ''very difficult,'' and ''can't do at all'') to each question. Respondents claiming that the physical function task was ''not at all difficult'' were used as the comparison group.
Ordinary least-squares regression was used to quantify the impact of activity limitations on household income and missed work days in the employed population and on disability payments. Regression results for the functional outcome variables were generated on the basis of the methodology described in Dall et al. 21 .
Estimating Indirect Cost Components
The relationships between functional limitations and indirect costs were estimated by least-squares and logistic regression analyses as described above. The results from the models allowed us to determine an individual's probability of being employed, number of missed workdays, household income, and disability payments conditional on the probability of being employed, as well as a person's disability payments conditional on his or her level of functional ability in a given year.
The expected income in a given year was calculated as: Expected Income = Estimated Income Conditional on Being Employed · Probability of Being Employed. The cost associated with missed workdays in a given year was calculated as: Value of Missed Workdays = Estimated Income Conditional on Being Employed · Probability of Being Employed · (Missed Workdays/240). Additionally, we assumed that workers lost an average of twenty-eight workdays recovering from ACL surgery and forty days recovering from total knee arthroplasty surgery 20 . The expected disability payment in a given year was calculated by multiplying the probability of being disabled by the mean SSI (Supplemental Security Income) payment according to sex and age. Disability payments as function of age were taken from the 2011 Current Population Survey (Table E- 7) .
The results of ACL reconstruction are shown in Table E -8. Baseline and two-year outcomes were estimated with use of the FLI scores in Table E -3 and the regression results in Table E -5. Negative values in Table E -8 reflect increased costs of remaining at a baseline functional level after nonsurgical treatment (rehabilitation only) compared with ACL reconstruction. For example, patients eighteen to thirty-nine years of age who would have remained at a baseline level of functional limitation without surgery would lose $8871 in income without a reconstruction. Our base assumption in the Markov decision model was that 37% of individuals in the rehabilitation arm would exhibit the same functional level (as measured by the FLI) at two years as in the baseline period, and the remaining 63% would exhibit a level equivalent to that achieved by patients in the ACL reconstruction arm.
Long-Term Model Methodology
Progression of Radiographic Osteoarthritis to Total Knee Arthroplasty Radiographic osteoarthritis imposes additional costs or decreased quality of life only if it is symptomatic. In a study by Kellgren and Lawrence, 24% of patients with radiographic changes had symptoms 14 . Recently, a fourteen-year longitudinal study utilizing the Kellgren and Lawrence grading system indicated a 3% annual rate of progression of radiographic to symptomatic osteoarthritis. Osteoarthritis of greater severity progressed faster compared with lower grades in that study. In a longitudinal study of radiographic knee osteoarthritis in 2262 patients, Muraki et al. reported a 21.1% prevalence of knee pain in patients with radiographic osteoarthritis at time zero and a 4% increase over the next three years of the study. Using the findings from Muraki et al., we assumed a 21% baseline rate of symptoms associated with radiographic knee osteoarthritis and a 1.3% annual increase in the rate of knee pain thereafter 15 .
Symptomatic osteoarthritis progresses to end-stage osteoarthritis requiring total knee arthroplasty, although little published evidence exists to quantify the progression. The United Healthcare Database suggests an annual conversion rate of approximately 2.3% on the basis of 2009 data showing that 12,806 patients underwent total knee arthroplasty with a coded diagnosis of osteoarthritis while a total of 566,027 patients received a coded diagnosis of knee osteoarthritis. The effect of innovations that might decrease the risk of development of osteoarthritis was tested with a sensitivity analysis in which a relative risk factor was applied to the rate of development of radiographic knee osteoarthritis. Utilities A utility value of 0.69 was assumed for symptomatic osteoarthritis and a value of 0.781 was assumed for total knee arthroplasty on the basis of the work of Losina et al. 5 .
Cost Estimates for Total Knee Arthroplasty and End-Stage Osteoarthritis of the Knee Direct medical costs for osteoarthritis of the knee were obtained from Losina et al. 5 . For total knee arthroplasty, we used Medicare claims data to calculate the costs of surgery as well as post-acute care. We used 2009 Medicare inpatient claims for a 5% sample of beneficiaries to calculate the direct medical costs of total knee arthroplasty. The ICD-9 (International Classification of Diseases, Ninth Revision) diagnosis code ''715.x6'' was used to identify patients admitted to a hospital with a primary diagnosis of osteoarthritis of the knee. The ICD-9 procedure code ''81.54'' was used to identify total knee arthroplasty procedures, and codes ''81.55'' and ''00.80'' through ''00.84 '' were used to identify revision knee arthroplasty. The direct costs in the model included Medicare payments for inpatient care, physician services, and care provided in a post-acute-care setting, such as a skilled nursing facility, hospice, home health, inpatient rehabilitation facility, or long-term-care hospital. These costs were tracked for six months after surgery, as our clinical expert panel estimated the expenses that accrued in this time period to be potentially linked to the total knee arthroplasty surgery. Additionally, the mean cost of physical therapy visits over this time period, $2016, was included as part of the rehabilitation costs associated with primary or revision total knee arthroplasty. We obtained the costs of perioperative complications and end-stage osteoarthritis for the Medicare population from Losina et al. 5 and then adjusted the costs for an all-payer population, resulting in estimates of $17,514 and $5282 per year, respectively.
Converting Medicare Costs to All-Payer Costs
Cost estimates based on Medicare payment rates may underestimate payments made by private insurers and overestimate payments made by Medicaid and self-insured and uninsured patients. To reconcile these differences, we adjusted our estimates of direct medical costs by determining payment rates for other insurers (expressed as a percentage of the Medicare rate) and then weighting the results by the national distribution of payers for treatment of anterior cruciate ligament tears. We set the payment rates for Medicaid and self-pay patients at 80% and 50% of the Medicare rate, respectively. For private insurers, we used the payment rates reported in the literature. Ginsburg estimated that, on average, private insurers paid 139% of Medicare payment rates for inpatient care nationally in 2008 12 . The same study also indicated private insurer payments as a percentage of Medicare rates for outpatient services in selected areas; these ranged from 193% in Cleveland to 368% in San Francisco. We used the median of the reported range, which is 280%, to adjust the costs of outpatient services. The Medicare Payment Advisory Committee (MedPAC) estimated that the private rate for physician services averaged 123% of the Medicare rate across all services and areas in 2003 13 . For all other patients, including those paid by Workers' Compensation, we assumed the rate to be equal to the mean of the rates of Medicare and private insurers.
Sensitivity Analyses
Duration that Knee Instability Is Symptomatic The duration of time that knee instability is symptomatic was very influential on the preferred strategy, with either cost or costeffectiveness as the outcome, because of its effects on both the utility values and indirect costs. In patients who experience instability after structured rehabilitation, ACL reconstruction was less costly if those symptoms lasted for 3.71 years or more. This was also the threshold at which reconstruction became a dominant treatment strategy. If the symptoms lasted for 2.05 years or more, reconstruction was the preferred cost-effective strategy.
Indirect Costs Associated with Symptomatic Instability
The sensitivity of the model to the indirect costs associated with symptomatic instability was also tested by varying the indirect costs relative to the value in the base case. In the short to intermediate term, when indirect costs were ‡65% of the value in the base case, ACL reconstruction was cost-saving to society, and when they were >22%, ACL reconstruction was cost-effective. In the long term, when indirect costs were ‡17% of the base case value, reconstruction was cost-saving. Even if indirect costs were $0, reconstruction was cost-effective in the long-term scenario.
Utility of Knee Osteoarthritis
We assumed a value of 0.69 for the utility of symptomatic knee osteoarthritis. We assumed symptomatic knee instability to have a utility of 0.71 (based on the MOON data). In the sensitivity analysis, if a utility of 0.71 rather than 0.69 was assumed for the utility of knee osteoarthritis in the long-term model, ACL reconstruction yielded 0.67 QALY more than structured rehabilitation compared with 0.72 QALY in the base case. Push or pull large objects (e.g., chair) 63 37 89 11 *All differences between mean pre-surgery and post-surgery scores were significant at the p < 0.001 level. Some response percentages may not add up to 100% because of rounding. 
